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1 DEVICE FOR ENHANCING TRANSDERMAL AGENT 

2 DELIVERY OR SAMPLING 

3 

« Field of the invention 

s 

6 The present invention relates to transdermal agent delivery and sampling. 



7 More particularly, this invention relates to the transdermal delivery of agents, such as 

s peptides and oroteins. as weil as tne transdermal samDling of agents, such as giucose. 

9 body electrolytes and substances of abuse, sucn as but not limited to alcohol and illicit 

10 drugs The present invention uses skin-piercing micrcaiades to enhance the 

1 1 transaermai flux of the agents aunng transaermai delivery cr samming and ancnonng 

12 elements to assist in retaining tne delivery or samolmg device in the skin. 

13 

14 Background of the Invention 

15 

16 Interest in the oercutaneous or transaermai delivery of peptides and proteins to 

17 the human cooy continues to grow with the increasing number of medically useful 
ie peptides ana proteins oecoming available in large quantities and pure form. The 

19 transcermat delivery of peotides ana oroteins still faces significant problems. In many 

20 instances, tne rate of delivery or flux of polypentides tnrougn the skin is insufficient to 

21 proauce a desirea tneraoeutic effect oue to the binding of the polypeptides to the skin 

22 !n addition. poiypeDtiaes ana proteins are eas:iy degraded cjnng and after penetration 

23 into tne skin, prior to reacning target cells. Likewise, the passive flux of water soluble 

24 small molecules such as salts is iimited. 

25 One method of increasing the transcermai delivery of agents reiies on the 

26 application of an eiectnc cjrrent across the body surface or on "electrotransport" 

27 "Electrotransocrt" refers generally to the passage of a beneficial agent, e.g., a drug or 

28 drug precursor tnrough a body surface such as skin, mucous membranes, nails, and 

29 the hKe The transoort of the agent :s inaucea or ennancec by the application of an 
3c etectncai potential, which results in tne application of eiectnc current, which delivers or 
si enhances aenvery of the agent The eiectrotransport of agents througn a body surface 
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may be attainea in various manners. One widely used electrotransport process, 
.ontophoresis. involves tr.e electrically induced transpon of charged ions. 
Electroosmosis another type of electrotransport process, involves the movement of a 
solvent with the agent througn a membrane under the influence of an electnc field. 
EJectroporat.on still another type of electrotransport, involves the passage of an agent 
through pores formeo by applying a high voltage electrical pulse to a membrane. In 
many instances, more than one of these processes may be occumng simultaneously to 
different extents. Electrotransport delivery generally increases agent delivery, 
particularly targe molecular weight species (e.g., polypeptides) delivery rates, relative 
to passive or non-eiectncaily assisted transdermal delivery. However, further increases 
n transoermai celivery rates ana reductions in polypeptide degradation dunng 
transdermal delivery are highly desirable. 

One methca of increasing the agent transoermai delivery rate involves pre- 
treatmg the sk.h with cr alternatively co-delivering with the beneficial agent, a skin 
permeation ennancer The term 'permeation enhancer" is broaaly used herein to 
describe a suostance wnich. when applied to a body surface through which the agent is 
delivered, ennances us electrotransport flux. The mechanism may involve a reduction 
of the electrical resistance of the body surface to the passage of the agent 
therethrough, an increase in. the Dermeability of the body surface, the creation of 
hydropntiic pathways througn the body surface, and/or a reduction in the degradation of 
the agent (e.g.. cegraaation by skin enzymes) during electrotransport. 

There nave ceen many attempts to enhance transdermal flux by mechanically 
puncturing the SK.n prior to transoermai drug delivery. See for example U.S. Patent 
Nos. 5.279,544 issued to Gross et al., 5,250,023 issued to Lee et al.. and 3.964.482 
issued to Gerstel et al These devices utilize tubular or cylindncal structures generally, 
although Gerstel aoes disclose the use of other shapes, to pierce the outer layer of the 
skin. Each of these devices provide manufacturing challenges, limited mechanical 
attachment of the structure to the SKin, and/or undesirable irritation of the skin. 
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As has been aiscussea. a variety of chemicals and mechanical means have 
been expiorea to enhance transcermal flux. However, there is still a need to provide a 
device suitable for .ncreasmg transaermal flux which dev.ce is low-cost and which can 
be manufactured reoroduabiy i.e.. without sign.f.cant variation from device to device) 
in high volume oroduction ana to improve the attachment of the device to the skin. 

Description of the Invention 

The present invention provides a reproducible, high volume production, low-cost 
dev.ce su.tab.e for increas.ng transdermal Tux and improving attachment to the skin 
with minimal to no skin .rotation The device generally comprises a structure that 
attacnes to tne skin more effectively than the prior art devices. The invention 
comDr.ses a ciuranty of microDiades for piercing and anchoring to the skin. The blades 
typically have a engtn of less than about 0.4 mm and a width ana thickness which is 
even smaller soite of their small size, the blades can be made with an extremely 
reproducible s z= and shaoe so that the microslits formed by the blades puncturing the 
skin also have a very reproducible size and depth. Because the blades have a small 
thickness lie small relative to the width ana length of the blades), the blades produce 
less tissue aamage for a given cross-section than a skin piercing microneedle having a 
circular cross-secnon. The aevice of the present invention pierces the stratum 
comeum of a docv surface to form pathways through which a substance (e.g., a drug) 
can be introaucea u e . delivery.) or througn which a substance (e.g., a body electrolyte) 
can be withdrawn m e.. samplincj. 

In one aspect cf the invention, the device comprises a sheet having a plurality of 
openings therethrough, a plurality of microbiades integral therewith and extending 
downward therefrom, and means for anchonng the device to a body surface. In the 
many different aspects of the invention, the aevice is anchored to the body surface in 
any of oluraiity of ways, including but not limited to. having an extension such as a 
prong or barb extending from at least some of the microbiades. having an opening 
extenomg peroenaicular througn at least some of the microbiades, covering essentially 
the entire surface area of the skin contacting surface of the device with adhesive except 
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for one side ot the m.croblades. or.ent.ng at least some of the plurality of m.croblades at 
an angle of 90= to the remainder of the plurality of m.croolades, orienting at least some 
of the plurality of m.croolades at an angle within a range of about 1° to about 89° with 
respect to the remainder of the plural.ty of m.crcclades, providing a plurality of second 
openings througn the sneet which make the device more shapeable with respect to the 
body surface. The oev.ce of the present .nvent.on can be used in connection with drug 
delivery, body analyte or drug sampi.ng. cr both Delivery devices for use with the 
present mvent.cn include, but are not limited :o. electrotransport devices, passive 
devices, osmot.c dev.ces and pressure-dr.ven dev.ces. Sampling devices for use with 
the present invention .nciude. but are not l.m.teo to. "reverse" electrotransoort devices 
as d.scloseo .n Giikfeld et al.. U.S. Patent No 5.279.543. pass.ve devices, osmotic 
devices and negative pressure driven devices. 

The present invention also provides a high y.eid. low-cost method for producing, 
in extremely reorcduaoie fashion, the oevice of the present invention. 

Brief De scription of the Drawings 

Figure " is a perspective exploded view of one embodiment of an 
electrotranspcrt agent delivery system with a Dlade array device according to one 
embodiment of the Dresent invention: 

Figure 2 ,s an enlarged perspective view of the skin proximal side of the blade 
array device in accordance with one embodiment of the present invention: 

Figure 3 is a partial top plan view of a blade array pattern in accordance with 
one embodiment of the present invention for forming blades with anchoring elements; 

Figure 4 .s partial top plan view of yet another embodiment of the blade array 
pattern of Figure 3: 

Figure 5 is an enlarged view of a portion cf the blades of the blade array pattern 
of Figure 3: 

Figure 6 is an enlarged view of a blade tip in accordance with one embodiment 
of the present invention; 
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Figure 7 is an enlarged view of a blade tip in accordance with another 
embodiment of the present invention; 

Figure 8 :s a diagrammatic representation of a method for producing blaaes of 
the present invention from the blade array pattern of figure 3; 

Figure 9 :s an enlarged cross-sectional view of angled blades in accoraance 
with one emboaiment of the present invention; 

Figures 1011 and 12 are yet other embodiments of the blades with ancnonng 
elements of the Dresent invention; 

Figure 1 3 is a right side elevationai view of another embodiment of a blade with 
an anchoring element; 

Figure i c is an end view of the blade of figure 1 3. 

Figures '5 ana 16 are another embodiment cf the blade and an anchoring 
element; 

Figure 17 :s a right side elevationai view of a blade with anchoring elements in 
accordance with cne embodiment of the present invention; 

Figure 13 ;s a cross-sectional view taken along line 18-18 of figure 17; 

Figure 1 9 :s a right side elevationai view of another embodiment of a blade with 
an anchoring element; 

Figure 22 :s an enlarged partial top plan view cf still another embodiment of the 
blade array pattern 

Figure 2\ is an enlarged partial top plan view of yet another embodiment of the 
blade array pattern 

Figure 22 :s a oottom plan view of the electrotransport agent delivery system of 
figure 1 , 

Figure 23 is a right side elevationai view of the electrotransport agent delivery 
system of figure 1 . 

Figure 24 is a rear elevationai view of the electrotransport agent delivery system 
of figure 1 ; 

Figure 25 is a cross-sectional view taken along line 25-25 of the assemDied 
electrotransport agent delivery system of figure 23, 
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Figure 26 is a diagrammattc cross-sectional view of a passive agent delivery 
system m accoraance with one embodiment of the present invention; 

Figure 21 is a diagrammatic cross-sectional view of another embodiment of a 
passive agent delivery system .n accordance with the present invention; 

Figure 28 is a diagrammat.c cross-sectional view of a sampling system in 
accoraance with one emocdiment of the present invention; and 

Figure 29 is a diagrammatic cross-sectional view of another embodiment of the 
blades of the present invention 

Modes for Carryi ng Out the Invention 

Turning now to the draw.ngs in detail, one embodiment of the device 2 of the 
present invention is generally shown in Figure 1 for use with electrotransport delivery 
device 10 Dev.ce 2 is used for the percutaneous administration or sampling of an 
agent The terms "suosrance" "agent" and "drug" are used interchangeably herein and 
broadly include Dhys.c:ogically or pharmacologically active substances for producing a 
localized or systemic effect or effects in mammais including humans and primates, 
avians, valuable domest.c household, sport or farm animals.- or for administering to 
laboratory an.mais such as mice. rats, gu.nea pigs, and the like. These terms atso 
include substances sucn as glucose, electrolyte, alcohol, illicit drugs, etc. that can be 
sampled through the sk.n The major barrier properties of the skin, such as resistance 
to drug penetration reside with the stratum comeum. The inner division of the 
epidermis generally compnses three layers commonly identified as stratum 
granulosum, stratum malp.ghii. and stratum germ.nativum. Once a drug penetrates 
below the stratum comeum. there is substantially less resistance to permeation through 
the underlying stratum granulosum. stratum malpighii, and stratum germinativum layers 
for absorption and circulation of drug into the body. The device of the present invention 
is used to form m.crcsuts in the stratum comeum and produce a percolation area in the 
skin for improveo transdermal delivery or sampling of an agent. 
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Dev.ce 2 comprises a plurality of m.croblaoes 4 (i.e.. a blade array) extena.ng 
downward from one surface of a sheet or ptate 6 fsee Figure 2 in which device 2 is .n 
an mvertea casmon to show the m.croblades) The m.croblades 4 penetrate the 
stratum corneum of the eo.derm.s when pressure .s applied to the device to increase 
the adm ( n.strat,on of or sampling of a substance through a body surface. The term 
"body surface- as used here.n refers generally to the skin, mucous membranes, and 
nails of an animal or human, and to the outer surface of a plant. 

Furthermore, the dev.ce 2 of the present invention improves the attachment of 
the dev,ce to the sK.n so that the percolation areas and a continuous pathway are 
preserved during movement of the body surface. In the embodiment shown in Figure 
2. project.ons in the term of cards 50 on at least one of the blades 4 assist in anchoring 
the device 2 ana any corresoonding dev.ce or structure usea in combination therewith 
to the skin Bares 5C can be on any number of the biades from one blade to all blades. 
Other emooaiments wh.ch assist to anchor the device to the sk.n will be discussed 
below 

The rrucroDiaaes 4 are generally formed from a single piece of material and are 
sufficiently snarp and long for punctur.ng the stratum corneum of the skin. In one 
embodiment the m.croblaoes 4 and the sneet 6 are essentially impermeable or are 
impermeable to the oassage of an agent The sheet 6 is formed with an open.ng 8 
between tne m:crcbiades 4 for ennancng the movement of an agent therethrougn. In 
the case of theraoeutic agent (e.g., drug) deliver/, the drug is released from a 
drug-containing reservoir (not shown ,n Figure 2) througn m.croslits formed by the 
microblades 4 cutting through the stratum corneum. migrating down the outer surfaces 
of the microcodes and through the stratum corneum to achieve local or systemic 
therapy. In the case of agent (e.g.. body analyte) sampling, the analyte migrates from 
the body through the m.crosl.ts in the stratum corneum which are cut by the 
microblades 4 m one embodiment, the opening 8 corresponds to the portion of the 
sheet 6 occupied by each of the m.croblaoes 4 pnor to the blades being 
transpositioned into the oownward depending posit.cn. The number of m.croblades 4 
per open.ng can be any number, preferably however between 1 and about 30 blades 
per opening Furthermore, the number of openings per dev.ce and the number of 
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blades per dev.ce are .ndependent. The device may have only one opening and one 
microblade. The agent can be adm.nistered at a controlled rate of release from the 
reservoir througn an agent release rate controlling material (not shown) covering the 
openings 8. 

As is best snown in Figure 2. the m.crobiades 4 have a thickness which is much 
smaller than the width of the blades near the.r base. , e . near the ooint where the 
blades are attached to the plate 6. This blade geometry provides maximum drug 
percolation area with a minimum blade penetration area, and hence less tissue 
damage. The drug percolation area .s the skin area in contact with the blades which 
provides for drug penetration in the sK.n The m.croblaoes are shapea with the largest 
possible surface area with a m.n.mal cross-sectional area so as to give the largest 
possible percolation area Thin m.crobiades are better than round orotrusions for this 
purpose because for the same cross-section, a thin microblade produces more 
percolation area and less tissue damage than a round protrusion. This is a crucial 
advantage over the prior art round elements such as needles and tubes. Thin 
microblades aiso require less insertion force than round protrusions. The width of each 
blade can be any of a range of widths. The widths can be different from blade to blade 
in the array pattern L.kew.se. the width can be variable aiong the length of the blade, 
as will be described in more detail below. The width of the blaae at the intersection of 
the biaae ano the oody surface after the blaoe array has been .nsenea is preferably in 
the range of about 25 urn to about 500 urn, more preferaDly about 50 urn to about 400 
urn. more preferaDly 1 00 urn to about 300 urn. 

In one emboo.ment. the microblades 4 (Figure 5) are also provided with slanted 
(i.e.. angled) lead.ng edges 64 to further reduce the insertion force required to press 
the microblades into the skin tissue. The angle of the leading edge is designated as a. 
The slanted leading edges produce a cut through the skin tissue that is equal to the full 
width of the blade 4 while reducing the amount of metal that is in the skin tissue. In 
other words, a fiat leading edge (i.e.. a is 90°) produces a blade with a larger amount of 
blade material in the sKin tissue than is produced by a Dlade having a slanted leading 
edge. The leading edges of each blade can all be the same angle or can be at 
different angles as shown in Figure 5. The angle a of each leading eage can be any 
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angle between aoout 10' to 90°. preferably between about 10' to 60°. more preferably 
about 10° to 40° The leading edge can also be segmented into two sections at 
different angles For example, the first segment can have an angle a between about 
10° to 4C° and then transition to a second segment having an angle between 20° to 
50°. Alternatively the leading edge of each blade can be arcuate (i.e.. curved) in. 
shape, .naving -r examole. a convex or concave shape .n one embodiment, the 
leading edge s a curvea tip across the entire width of the blade. 

The microDlaaes 4 are formed using a photo-etching process which is described 
.n deta.l hereinafter This process allows the microblades 4 to be reoroducibly formed 
on a very small fl e.. tens of microns) scale This process also allows the microblades 
4 to be formea m snaoes which help anchor dev.ce 2 to the sK.n. In one embodiment, 
•he m:crooiaaes 4 are orovided with barbs 50 (Figures 2. 3 ana 5) in some fashion so 
that the device 2 ana any corresponding device attached thereto stays attached to the 
skin after oe.ng acoiieo with pressure. The oegree of attachment ana the number and 
size of the barns ,s such as to retain the delivery or sampling cevice during the normal 
activity of the wearer but not cause pain upon removal. As the microblades are 
pressed into the sK,n tissue for use. the leading edge 64 cf eacn mtcroblade cuts 
through and pusnes as.de the skin tissue. After the m.croblaass have come to rest in 
the skin, the sk;n due to :ts elastic nature at least partially comes back together around 
the ecges of the microcodes, in this way the surface 66 on eacn m.croblade hav.ng a 
barb £0 engages sx.m tissue and anchors the oevice in the sKin If the blade is left in 
the SKin for an extendea period of time (e.g.. 24 hours), the skin tissue begins to heal 
together ,n the area behind the surface 66 of the barb thus improving the anchoring of 

24 the device Only one oaro per blade is shown in the figures but it is within the scope of 

25 the present invention that each blade can have a plurality of barbs extending therefrom. 

26 The m.croblades. in one embodiment, have a cross-section that is wider in the area of 

27 the skin distal end of the blade than in the area of the skin proximal end, thus providing 
additional anchoring of the distal end in the skin For example, the blades can have an 
"arrowhead" shaoe Furthermore, the barbs 50 shown in the figures are in the same 
plane as the blade nowever the barbs can be oriented outside of that plane for 
examoie by a separate oend.ng step or by using a shaped puncn and die to produce a 
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curve in the blade and barb Curving the tips of the blade outside the plane of the 
blade generally provides better anchonng insertion of such blades causes the barbs 
to curve in the curve d.rection but retraction causes them to return to their pnor position. 
The resulting curved cross-section of the blade can be. but is not limited to, angular, 
semi-circular. C-sha D ed. or banana-shaped, to effect a larger cross-section of openings 
in the skin. 

The plurality of blades 4 for puncturing the stratum comeum are present on one 
face surface 48 of the device 2 in any predetermined arrangement, for example, as a 
cluster of blades spacea in rows having any desired number, or in any spaced apart 
relation of one olade to eacn other The device 2 of the embodiment shown in Figures 
1 and 2 is Droaucea by the pattern shown m Figure 3. Each blaae has a width and 
thickness that facilitates cenetration of the stratum comeum without bending. In the 
embodiment of Figure 3. there are six olades 4 in each opening 8 in sheet 6. Each 
opening 8 in this embodiment is 1 mm long and 300 |im wide. Correspondingly, the 
width of each blaae is between about 137.5 urn to about 175 urn and the length is 
about 250 urn The required length of the blades is subject to variation of the body 
surface being penetrateo and corresponds to the natural thickness of the stratum 
comeum. for one of the principle features of the invention is that the blades are to 
penetrate the stratum comeum into the epidermis. Usually, the blades will be about 25 
urn to about 400 urn in length, with the lengtn for most applications being between 
about 50 um to acout 2C0 urn. 

The pattern fcr any of the blade array devices of the present invention are 
produced with a photo-etching process. A thin sheet or plate 6 of metal such as 
stainless steel or titanium is etched photo-lithographicatly with patterns containing 
blade-like structures. In general, a thin laminate dry resist or wet resist is applied on a 
sheet about 7 u m to about 100 thick, preferably about 25 urn to about 50 urn thick. 
The resist is contact exposed using a mask having the desired pattern and is 
subsequently developed. These operations are conducted in much the same way that 
they are for the manufacture of a pnnted circuit board. The sheet is then etched using 
acidic solutions After the pattern has been etched through the sheet, the sheet is 
placed on a die 52 (shown schematically in figure 8) having a plurality of openings 56 
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corresponding to the ooenings 8 in the sheet. A punch 54 having a plurality of 
protrusions 50 corresponding to the ooenings in the sneet ana die is initially located 
above the sheet ano die. At the initial stage, tne blades 4 are in the same plane as the 
rest of the sneet 6 The protrusions £3 on the punch 54 are then pressed into the 
openings 56 thus oenamg the blades 4 downward to be at an angle (e.g., substantially 
perpendicular) to the piane of the sheet. The finished structure provides blades 4 with 
an adjacent ooenmg 8 for the passage of a suostance therethrough when the device 2 
is applied to the skin. Rectangular openings 8 are shown in the figures but the 
.nvention encompasses the use of any shaoe openings including, but . nst iimit&i tG< 
square triangular circular ana elliptical. 

The sneet 6 in some areas can nave aaditionai etcned ooenings 80 (Figure 4) to 
alleviate the curl createa during punching ana/or to proviae for flexibility in the dense 
blade array patterns cecause in some embedments the sheet becomes very stiff after 
punenmg. 'he openings can be any of a vanety of shapes (e.g., rectangular, circular, 
elliptical. tnar.gu:ar etc.) The openings also allow the sheet to be more easily curved to 
match tne curvature of the body surface to wnich it is to be attached which improves 
anchoring of the oevice. The present invention maximizes the openings through the 
sheet but with a sufficient numoer of horizontal and vertical continuous portions in the 
sheet to prevent the sheet from being too flexible (i.e.. flimsy). If the openings are 
made too long m any one dimension, the sneet will bend (i.e.. crinkle). In addition, it is 
also possible tc treat the aevices after cunenmg with heat or plastic deformation such 
that tne raaius of curvature of the sheet Deccmes equal to or somewhat smaller than 
the curvature cf the body, where it is to ce attached to ennance anchoring. The 
concave surface can be shaped to match the convex pattern of the body. 

The biaaes 4 can be patterned with resist on both sides 48 : 49 and subsequently 
etched simultaneously from both sides (Figure 7) to achieve maximum pattern 
resolution for a given sheet thickness and to produce a knife-like edge that can not be 
achieved with conventional stamping and punching processes. Alternatively, the 
blades 4 can be patterned and etched from cne side (i.e., side 49) only (Figure 6). 
men etching from one side only, the etching process can be controlled to etch 
selective depths m the plate 6 along the lengtn of the blades (e.g., at the blade tips) to 
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produce a single angle 60 at the tip of the blade which maximizes the sharpness of the 
knrfe-like edge of the blade. In this embedment, the lithography process produces a 
pomon of the olade that is thinner than the reminder of the thickness of the blade and 
of the sheet. The hthography process also can produce very small dimens.oned 
elements for tne anchoring and the penetrat.on aspects of the invention. 

In anotner embodiment of the two-sided etching process the blade array pattern 
of any of the embod.ments of the present invention ,s etched into the top surface 49 of 
sheet 6 A secona pattern equivalent to the area bounded by each of the openings 8 
(e.g.. rectangu.an .s etched into the bottom surface 48 such that each of the blades in 
the blade array pattern IS thinner than the surrounding sheet 6. As a result, the sheet 6 
forms a strong case and as the punc, 54 deforms the blades 4 downward, eacn cf the 
blades olastically deforms so as to produce blades that are stra.ghter and more truly 
perpendicular tc the sneet. 

In one embodiment of the etcn.ng process, a dry resist (e.g., "Dynachem FL" 
available from Dynachem located in Tusfn, CA) is applied 12.5 m thick to one or both 
sides of the sneet and exposed .n a standard manner. Then a suitable spray etcher 
(e.g.. "DynamM VRP 1 o/NM" available from Western Tech. Assoc. located in Anaheim, 
CA) is used to spray a mixture of feme chlor.de and hydrochloric acid onto the resist 
and sheet at 52 X H 25 -F) for two m.nutes. A standard caustic stripper is used for the 
resist removal. 

In anctner embodiment of the etching process, a wet resist (e.g., "Shipley 1 1 1S" 
available from Shipley Corporation, located in Marlborough, MA) is applied 7.5 urn thick 
at aoout 20 °C (70 -F) to one or both s.des of the sheet and exposed in a standard 
manner. Then a suitable etchant (e.g., feme chloride) is sprayed onto the resist and 
sheet at 49 °C ( 1 20 -F). A standard caustic stripper ,s used for the res.st removal. 

Generally, the blades 4 are at an angle of about 90° to the surface 48 of the 
sheet 6 after oemg punched, but they can be disposed at any angle forwara or 
backward from the perpendicular position that will facilitate penetration of and 
attachment to the stratum comeum. m one embodiment (Figure 9). the blades are all 
aligned at an angle between about r and about 89° degrees, preferably about 10" to 
about 60°, more preferably about 20= to 45° to facilitate the device being slid along and 
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into the skin. The angled blades have two principal advantages. First, penetration of 
the blades is not opposed by the elasticity of the skin because the blades are slid 
horizontally into tne sk.h as opposea to pressing vertically on the skin. Second, the 
angled blades act to ancnor the device m the skin as any motion of the skin is less 
likely to tiisloogs tne blades In addition other anchoring elements such as barbs, 
openings, etc can De used with the anglea blades to further enhance anchoring of the 
device. 

In one emccd.ment (Figure 29). ancnonng of the device is ach.eved by coating 
the surface 48 of sneet 6 and surface 62 of eacn blade 4 with an adhesive. One 
method of prcoucng tnis emoodiment comprises spraying the adhesive on the device 2 
along tne ai.-ecnor. indicated by arrows 84 m this emoodiment. the agent is free to 
pass througn the coenmgs 8 ana along surface 86 of each blade unencumbered by the 
adhesive I' ;s aiso oossible to apply the adhesive on only surface 48 and hot on the 
blade surfaces c2. This can be accompiisned, for example, by applying the adhesive 
onto surface 43 after the blades 82 have ceen punched by spraying the adhesive in a 
direction wnicn :s oaratlel to tne axis of the oiades 82. It is further possible to apply the 
adhesive or.iy on tne oiade surfaces 82 ana not on the surface 48 of sheet 6 in order to 
anchor the aev.ce. although this last design is the least preferred adhesive ancnonng 



means 



The sneet ana blaaes can oe maae from materials that have sufficient strength 
and-manufacturaomty to produce blades, such as. glasses, ceramics, rigid polymers, 
metals ana meta; alloys Examples of metals and metal alloys include but are not 
limited to stainless steel, iron, steel, tin. zinc, copper, platinum, aluminum, germanium, 
nickel, zirconium titanium and titanium ailoys consisting of nickel, molybdenum and 
chromium, metais plated with nickel, gold, rhodium, iridium, titanium, platinum, and the 
like. An example of glasses include a devitnfied glass such as "Photoceram" available 
from Coming in Coming, NY. Examples of rigid polymers include but are not limited to 
polystyrene, polymethylmethacrylate, polypropylene, polyethylene, •Bakelite". cellulose 
acetate etnyiceiiulose, styrene/acryicnitnle copolymers, stryrenetbutadiene 
copolymers acryionitr.le/butadiene/styrene (ABS) copolymers, polyvinyl chloride and 
acryiic acid Doiymers including polyacryiates and poiymethacryiates. 
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Very aense patterns can be created with unit cells wherein a unit cell has a 
width A ana a length B as illustrated in Figure 3 In one emboa.ment (not shown), the 
pattern has the following characteristics: a unit ceil area of 0.63 mm by 3.8 mm; the 
lineal length of a cut in' a un.t cell is approximately equal to 15 mm; and the open skin 
length per square centimeter is S25 mm. 

The microblades of the present invention make an elongated, thin microcut (i.e., 
a slit) in the sK.n surface because the blaoes have a small thickness (relative to their 
width and length) resulting in a minimal blade cross-sectional area for the portions of 
the blade in the skin The geometry of the microbiaaes 4 results in minimal blade 
volume in the skin with maximal blade surface area in the skin. The advantages of the 
present invention include, out are not limited to: (1) the tn.n blade geometry produces 
the maximum orug percolation area for a given cross-section of the blade; (2) minimal 
tissue damage occurs Decause the amount of blade material in the skin and hence the 
volume loading is m.mm.zed; (3) slanted leading edges (or equivalent pointed shapes.) 
further minimize the amount of volume loading or tissue damage while preserving a 
large percolation area; (4) for a given volume loading, the larger the surface area, the 
larger the fnctional retaining force in the skin; and (5) for a given desired percolation 
area, there are fewer blades necessary and therefore the force on each tip is higher 
making skin Denetration easier. 

In other emDodiments (Figures 10-161 other ancnonng elements are used in the 
present invention In the embodiments shown in Figures 10-14, prong 68 is etched in 
the side of some or all of the blades 4. and punched lightly so as to protrude outward 
from the plane of each of the blades, as illustrated in Figures 10 and 14. After the 
punching of the prongs, the blades may be repunched to regain their substantially 
vertical orientation Hinges 72 (Figure 13) can be used to control the retention force of 
the barb for anchoring The hinges allow for the retention force to be tailorea 
independently of the size of the blade because the force required to bend or punch the 
prong is set indepenaently of the size of the blades by the shape or size of the hinge. In 
other words, the force can be tailored by the amount of attachment of the prong to tne 
plate, the greater the attachment, the greater the force. 
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Prongs may protrude from either side of the oiade. or both sides, if desired. The 
shape of eacn D rong can be any of a variety of shapes such as triangular, square, etc. 
as shown in F.gures 11 and 12. In another embodiment, a curved protrusion 70 
(Figures 15 ana 16) is made by etching a slit in some or all of the blades followed by 
punching Tne prongs and curved protrusions act to anchor the device in the skin 
similar to the manner aescnbed previously. 

In other embodiments other anchoring elements are used. In the embodiments 
of Figures 17-19. the blade 4 has additional openings 74 extending through the blade 
to enhance ancnonng. The edges forming the holes or other i.near openings are 
etched througn the blade. Alternatively, or in addition, numerous small pits (i.e.. 
mdentationsi ratner than noies can be etched in the surface of the Dlade. As describee 
above tne eiast.c nature of the skin tissue causes the skin to move into the openings or 
pits. In the emoodiments with openings, the skin tissue may heat and reconnect 
through the ocenmgs to provide even greater anchoring. 

In a further embodiment (Figure 20). a plurality of blades -n an opening 8 are 
arrangea at SC^ to another plurality of blades in an opening 8' such that anchoring in 
two directicns is obtained. In other words, the blades (not shown i associated with the 
openings 8 are oriented parallel to the edge 76 of the device 2 and the blades (not 
shown) associated with the openings 8' are oriented parallel to the edge 78 of the 
device The cades associated with each ODenmg 8 can be oriented at any angle with 
respect to the Diaaes associated with each opening 8'. Alternatively, the blades within 
each opening can De along perpendicular sides of the openings. In a similar manner, 
the blades wur.m each opening can be formed in a serrated pattern as illustrated in 
Figure 21 This pattern allows the blades to have different, controllable angles with 
respect to eacn ether defined by the angle of the punch used ana the etched angle p of 
the pattern 

The number of blades and openings of any of the embodiments of the device 2 
is vanable witn respect to the desired flux rate, agent being sampled or delivered, 
delivery or sampling cevice used (i.e., electrotranspon passive, osmotic, 
pressure-dnvan. etc.). and other factors as will be evident to one cf ordinary skill in the 
art. In genera! the larger the number of blades per unit area (i.e.. the blade density). 
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the more distributed .s the flux of the agent through the skin because there are a 
greater number of agent-conveying pathways through the skin. Consequently, the 
smaller the number of blades per unit area, the more concentrated is the flux of the 
agent through the skip because there are fewer pathways. The present invention has a 
blade density of at least about 10 blades/crrr and iess than about 1000 blades/cm 2 , 
preferably at least aoout 600 blades/crrr. more preferably at least about 800 
blades/cm 2 In similar fashion, the numDer of openings per unit area through which the 
agent passes .s at least about 10 open.ngs/cm 2 and less than about 1000 
open.ngs/cnr In one emboo.ment. the present invention produces a percolation area 
of about 0.005 to .05 cm : /cm : of body surface, preferably about 0.01 cm 2 /cm 2 of body 
surface 

One emDoa.meni of the present invention relies on the application of an electric 
current across the ooay surface or "electrotransport" Electrotranspon refers generally 
to the passage of a oeneficiai agent, e.g., a drug or drug precursor, through a body 
surface such as sk.n mucous membranes, nails, and the like. The transport of the 
agent is inducea or ennanced by tne application of an electrical potential, which results 
in the application of electric current, which delivers or enhances delivery of the agent 
or, for "reverse" electrotranspon. samples or enhances sampling of the agent. The 
electrotranspon of the agents into the numan body may be attained in various manners. 
One widely used eiectrotransport process, iontophoresis, involves the electrically 
induced transport of chargeo ions. Eiectroosmos.s. another type of electrotransport 
process involved m the transaermal transport of uncharged or neutrally charged 
molecules (e.g. transaermal sampling of glucose), involves the movement of a solvent 
with the agent through a membrane under the influence of an electric field. 
Electroporation. still another type of electrotransport. involves the passage of an agent 
through pores formea by apply.ng an electrical pulse, a high voltage pulse, to a 
membrane. In many instances, more than one of these processes may be occurring 
simultaneously to different extents. Accordingly, the term "electrotransport" is given 
herein its broadest possible interpretation, to include the electrically induced or 
enhanced transpon of at least one charged or uncharged agent, or mixtures thereof, 
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regardless of the specific mecnan.sm(s) cy wh.ch the agent is actually being 
transported. 

It will be appreciated by tnose working in the field that the present invention can 
be used in conjunction w.th a w.oe variety of electrotranspcrt drug delivery systems, as 
the invention ,s not limited in any way ,n this regara For examples of electrotransport 
drug delivery systems, reference may oe had to U.S. Patent Nos. 5.147.296 to 
Theeuwes et a: 5.0e0.646 to Theeuwes et al.. 5.169.382 to Theeuwes et al.. and 
5.169.383 to Gyory et al. 

Electrotranspon dev.ces generally use at least two electrodes which are in 
electrical contact with some portion of the SK.n. na.ls. mucous membranes, or other 
body surface ,n the case of transoermai agent delivery, one of the two electrodes is 
commonly referrea to as the "donor- or "active- electrode, ana is the one from which the 
agent ,s dehverea into the body, in the case cf transdermal agent sampling/one of the 
two electrodes :S referred to as the receptor electrode, and is the one into which the 
agent (e.g., coay electrolyte) is collected ucon being withdrawn from the body. The 
second electrode «s. typically termea the "counter" or "return" electrode, and serves to 
close the electrical circuit through the body. For example, when the agent to be 
delivered is a canon , e .. a positively charged ion. the anoae becomes the active or 
donor eiectroae while tne cathode serves tc complete the circuit. Alternatively, if the 
agent to be aei.vereo is an an.on. i.e.. a negatively chargea .on. the cathode is the 
donor eiectroce When the agent to oe sampled is a cation, the cathode becomes the 
receptor electrode wn.ie the anode serves tc complete the circuit. When the agent to 
be sampled is an amen, the anoae becomes the receptor eiectrode while the cathode 
serves to ccmo.ete the circuit. When the agent to be sampled has no net charge (e.g.. 
glucose), then either tne anode, or the cathode, or both electrodes, can serve as the 
receptor eiectroae Eoth the anode and cathode may be donor electrodes if both 
anionic and cation.c agents are delivered simultaneously Electrotransport delivery 
systems generally reau.re at least one reservoir or source of the agent to be delivered 
to the body. Electrotranspon sampling systems likew.se reau.re at least one reservo.r 
in which to collect the agent being sampled. Examples of such reservoirs include a 
pouch or cavity as described in U.S. Patent No. 4.250.878 to Jacobsen et al.. a porous 
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sponge or pad as descnoed in U.S. Patent No. .4.141.359 to Jacobsen et al., and a 
pre-formeo gei booy as aescnbea in U.S. Patent No. 4.383.529 to Webster, among 
others. Sucn reservoirs are electrically connected to. and positioned between, the 
anode or tne cathode and the body surface, e.g., to provide a fixed or renewable 
source of one or more orugs .n the case of agent delivery. In addition, electrotransport 
systems also typ.cally have an electrical power source, e.g., one or more battenes. and 
an electrical controller designed to regulate tne timing, amphtude and/or frequency of 
the applied electric current, and hence regulate the timing and rate of agent 
deltvery/samDimg This power source component is electrically connected to the two 
electrodes. Optional electrotransport device components include a counter reservoir, 
adhesive ccatings. insulating separation layers, and rate-controlling membranes. 

Figures ano 22-25 illustrate a representative electrotransport 

delivery/samoting aevice 10 that may be used in conjunction with the present invention. 

Device 10 comprises an upper housing 16. a circuit board assembly 13. a lower 
housing 20. anode electrode 22. cathode electrode 24, anode reservoir 25. cathode 
reservoir 28 ana sK.n-compatible adhesive 30. Upper housing 16 has lateral wings 15 
which assist in holding device 10 on a patients skin. Printed circuit board assembly 18 
comprises an integrated circuit 19 coupled to discrete components 40 and battery 32. 
Circuit boaro assemcly 18 is attached to housing 16 by posts (not shown in Figure 1) 
passing thrcugn ccen.ngs 13a and 13b. the ends of the posts being heated/melted in 
order to heat stake tne circuit board assembly 18 to the housing 16. Lower housing 20 
is attached to the upper housing 16 by means of adhesive layer 30, the upper surface 
34 of adhesive layer 30 being aahered to both lower housing 20 and upper housing 16 
including the oottom surfaces of wings 15. Shown (partially) on the underside of circuit 
boarc assembly 1 3 is a button cell battery 32. Other types of batteries may also be 
employed to cower device 10 depenaing on the need. 

The aevice 10 is generally comprised of battery 32. electronic circuitry 19.40, 
electrodes 22.24. arug/receptor reservoir 26. counter reservoir 28. and device 2. all of 
which are integrated into a self-contained unit. The outputs (not shown in Figure 1) of 
the circuit board assembly 18 make electrical contact with the electrodes 24 and 22 
through openings 23.23' in the deoressions 25.25' formed in lower housing 20. by 
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means of electrically conductive adhesive strips 42.42'. Electrodes 22 and 24. in turn, 
are in oirect mechanical ana electrical contact with the top sides 44\44 of drug 
reservoirs 25 ana 28. The bottom s.ae 46 of drug reservoir 28 contacts the patent's 
skin through tr.e opening 29 in aanes.ve layer 30. The bottom s.ae 46' of drug reservoir 
26 contacts the oatient's sK.n through the plurality of openings 8 in the device 2. The 
formulation or -eservo.r 26 is preferaoiy a viscous gel that fills the openings 8 such that 
the reservoir 25 is in direct contact w.tn the skin when the blades have penetrated the 
stratum ccrneum The contact cetween the reservoir and skin provides a path for the 
agent to be transported along If the reservo.r 26 is not in direct contact with the skin 
initially typicaiiy sweat accumulates in the confined area and provides an "agent- 
transmitting patnway between reservoir 26 and the SKin. 

Device ■ : oDtionany has a feature wnich anows the patient to self-administer 
a dose cf c-g or seif-samoie a body electrorolyte. by electrotransport. Upon 
depression z: cusn button sw.tcr. 12, the electronic circuitry on circuit board assembly 
18 delivers a -determined DC current to the electrode/reservoirs 22.26 and 24,28 for 
an interval of c.-eaetermined length. The push button switch 12 is conveniently located 
on the too sice or device 1 0 and is easily actuated througn c.oth.ng. A double press of 
the Dusn cunor switch 12 within a short time period, e.g.. three seconds, is preferably 
used tc activate trie device, thereby minimizing the likelihood of inadvertent actuation of 
the aevice • : Preferaoiy, tne aevice transmits to the user a visual and/or audible 
confirmation z: tne onset of ccerat.or, by means of LED 14 becoming lit and/or an 
audible scun- s.gnal from, e.g., a "beeper Agent is delivered/sampled through the 
patients sum eg, on the arm. by electrotransport over tne predetermined interval. 
Anoo.c eiectrcce 22 is preferaoiy comprised of silver and cathodic electrode 24 is 
preferaoiy ccmonsea cf silver chior.ce. Both reservoirs 25 and 28 are preferably 
compnseo cr polymeric gel materials. Electrodes 22,24 and reservoirs 26.28 are 
retained by lower nousing 20. 

In the case of therapeutic agent (i.e., drug) delivery, a liquid drug solution or 
suspension .5 contained in at least one of the reservoirs 26 and 28. Drug 
concentrations ,n the range of aoproximateiy 1 x 10- M to 1.0 M or more can be used, 
with drug concentrations in the lower portion of the range being preferred. 
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The push button switch 12. the electronic circuitry on circuit board assembly 18 
and the battery 22 are adhesively "sealed" between upper housing 16 and lower 
housing 20. Upper housing 16 is preferably composed of rubber or other elastomeric 
material, e.g.. inaction moldable ethylene vinyl acetate. Lower housing 20 is preferably 
composed of a plastic or elastomenc sheet material (e.g., polyethylene) which can be 
easily molded to form depressions 25.25' and cut to form openings 23.23'. The 
assembled device 10 is preferably water resistant (i.e.. splash proof) and is most 
a preferably wateroroof The system has a low profile that eas.ly conforms to the body, 
thereDy allowing freeoom of movement at. ana around, the wearing site. The reservoirs 
26 and 28 are located on the skin-contacting side of the device 10 and are sufficiently 
separated to Drevent accidental electrical shorting dunng normal handing and use. 
12 The device 10 adheres to the patient's body surface (e.g.. skin) by means of an 

adhesive layer 20 fwnich has upper adhesive s.de 34 and body contacting adhesive 
side 36) and the anchonng elements on the device 2 of any of the embodiments 
is discussed above The adhesive side 35 covers the entire underneath side of the 
is device 10 except where the device 2 and reservoir 28 are located. The adhesive side 
17 36 has adhesive cropenies which assures that the device 10 remains in place on the 
body during normal user activity, and yet permits reasonable removal after the 
predetermined (eg. 24-hour) wear period. Upper adhesive side 34 adheres to lower 
housing 20 ana retains the electrodes ana reservoirs within nousing depression 25.25" 
as well as retains device 2 to lower housing 20 and lower housing 20 to upper housing 

22 16. 

23 In one emDodiment of the drug delivery or sampling device there is a bandage 

24 cover (not shown ) on the device 1 0 for maintaining the integrity of the device when it is 

25 not in use. In use. the bandage cover is stripped from the device before the device is 

26 applied to the skin 

27 in other embodiments of the present invention, passive transdermal delivery or 

28 sampling devices are used with device 2. Two examples of passive transdermal 

29 delivery or sampling devices are illustrated in Figures 26 and 27. In Figure 26, passive 

30 transdermal delivery device 88 comprises a reservoir 90 containing agent. Reservoir 

31 90 is preferably in the form of a matrix containing the agent dispersed therein. 
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Reservo.r 90 is sandwiched between a backing layer 92. which is preferably 
impermeable to the agent, and a rate-controlling membrane 94 In Figure 25. the 
reservoir 90 is formed of a material, such as a rubbery polymer, that is sufficiently 
viscous to mamta.n us snape. If a lower viscosity material is used for reservoir 90. such 
as an aqueous gel. backing layer 92 and rats-controlling membrane 94 would be 
sealea together about their periphery to prevent leakage. In a sampling configuration, 
the reservo.r 90 would initially not contain the agent Located below membrane 94 is 
microblade array device 2. The device 88 adheres to a body surface by means of 
contact aahesive layer 96 around the periphery of the aevice 2 and by toe anchoring 
elements of any of the embodiments described previously. The adhesive layer 96 may 
ootionai.y conta.n agent A stnppable release liner (not shown) is normally provided 
along trie excosea surface of adhesive layer 96 and is removed prior to application of 
device 10 to trie coay surface. 

Alternatively as shown in Figure 27. transdermal therapeutic device 98 may be 
attachea to a oody surface by means of a flexible adhesive overlay 100 and the 
anchoring elements used in aevice 2. Device 98 is comprised of an agent-containing 
reservoir 90 (fcr a delivery configuration.) which is preferably in the form of a matrix 
containing the agent dispersed therein In a sampling configuration, the reservoir 90 
would initially not contain the agent. An impermeable backing layer 102 is provided 
adjacent one surface of reservoir 90. Adhesive overlay 1 00 maintains the device 98 on 
the body surface m combination with the anchoring elements of any of the 
embodiments previously described for aevice 2. Adhesive overlay 100 can be 
fabricated tcgetner with, or provided separately from, the remaining elements of the 
device 93 Wuh cenam formulations, the adhesive overlay 100 may be preferable to 
the contact aanesive 96 shown in Figure 25. This is true, for example, where the agent 
reservoir contains a material (such as, for example, an oily surfactant permeation 
enhancer) wh.cn adversely affects the adhesive properties of the contact adhesive 
layer 95. ImpermeaDle backing layer 102 is preferably slightly larger than reservoir 90, 
and in this manner prevents the agents in reservoir 90 from adversely interacting with 
the aahes.ve m overlay 100. Optionally, a rate-controlling membrane (not shown in 
Figure 27) similar to membrane 94 in device 88 (Figure 26) can be provided cn the 
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skin/mucosa side of reservo.r 90. A stnppable release liner (not shown) is also 
normally prov.oeri with device 98 ana is removea ,ust prior to appticat.on of device 98 to 
the body surface. 

The formulation for the passive transdermal devices may be aqueous or non- 
aqueous basea. The formulation .s designed to deliver the drug at the necessary 
fluxes. Aqueous formulations typically comprise water and about 1 to 2 weight percent 
of a hydropnilic polymer as a gelling agent, such as hydroxyethylcellulose or 
hydroxypropylcellulose. Typical non-aqueous gels are comprised of silicone fluid or 
mineral oil. Mineral oii-basea gels also typically contain 1 to 2 weight percent of a 
gelling agent sucn as colloidal silicon dioxide. 

The reservo.r matrix snould be compatible with the delivered agent, any 
exapients (eg f=ux ennancers. irritation preventing agents.) and/or any earner 
therefore. When using an aqueous-based system, the reservoir matrix is preferably a 
hydrophilic poiymer. e.g., a hyorogel. When using a non-aqueous-oased system, the 
reservoir matrix .s preferably composed of a hydrophobic polymer. Suitable polymeric 
matrices are wen known in the transdermal drug delivery art. 

When a constant drug delivery rate is desired, the drug is present in the matrix 
or earner at a concentration in excess of saturation, the amount of excess being a 
function of the desired length cf the drug delivery period of the system The drug may. 
however, be present at a level Deiow saturation w.thout departing from this invention. 

In addition to the drug, the matrix or carrier may also contain dyes, pigments, 
inert fillers, permeat.on enhancers, excipients and other conventional components of 
pharmaceutical products or transdermal devices known in the art. 

The amount of drug present in the reservoir and the size of the reservoir is 
generally non-limited ana is an amount equal to or larger than the amount of drug that, 
in its released form, is effective in bringing about the drugs physiological or 
pharmacological local or systemic effects. 

The preferred form in which an agent is delivered or sampled generally 
determines the type of delivery or sampling system to be used, and vice versa. That is. 
the selection of a "passive" system which delivers or samples the agent by diffusion or 
an electrically powered system which delivers or samples the agent by electrotransport 
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w.ll be mostly determmea by the form of the agent. For example, w.th passive delivery 
systems. ,t has generally been recogn.zed that the agent is preferably delivered in 
e.ther ,ts free case or acid form, rather than ,n the form of a water soluble salt On the 
other nana. w,th e.earotransport delivery dev.ces. ,t has been recognized that the 
drugs snoula preferably be .on.zed and the drug salt should be soluble in water. It is 
generally bei.eveo that the pathways for passive and electrotransported transdermal 
drug delivery tnrougn intact sk,n are different. w.th passive delivery occurnng through 
lipid reg.ons n.e.. hydrophob.c reg.ons, of the sk.n and electrotransport delivery 
occurnng thrcugn hyarcphifc pathways or pores such as those associated with hair 
follicles and sweat gianas. For the case of pureed sk.n. there is substantial passive 
flux through the m,cros..ts created by the m.croblaaes p.ercmg the stratum corneum. 
The orug for cass,ve cei.very 1S generally hydrophobe, e.g.. free base form, whereas 
the preferrea fcrm of a drug for electrotransoort delivery ,s hydrophilic. e.g., water 
soluble salt fcrm For osmotic and pressure driven systems which deliver or sample 
drugs oy connective flow earned by a solvent, the drug preferably has sufficient 
solub.l,ty ,n tne earner solvent. It will be appreciated by those working in the field that 
the present invention can be used in con,unct,on w.th a w.de vanety of osmotic delivery 
or sampling systems, as the invention is not limited to a particular device in this regard. 
Osmot.c devices, available for use w,th the present invention, are disclosed for 
example ,n U S Patent Nos. 4 340.480 to Eckennoff. 4.655.766 to Theeuwes et aL 
and 4.753.651 to Eckennoff. 

This invention nas utility in connection with the delivery of drugs within any of 
the broad class of drugs normally delivered through body surfaces and membranes, 
including skin, m general, this includes drugs in ail of the major therapeutic areas 
including, out not homed to. anti-nfectives such as antibiotics and antiviral agents, 
analgesics including fentanyl, sufentanil, buprenorph.ne and analgesic combinations, 
anesthet.es. anorexics, antianemics, antiasthmatic agents such as terbutaline, 
anticonvulsants, ant.decressants, antidiabetic agents, antidiarrheais. antihistamines, 
anti-inflammatory agents, antimigraine preparations, ant.motion s.ckness preparations 
such as scopolamine and ondansetron, antinauseants. antineoplastics, 
antiparK.nson,sm drugs, antipruritics, antiosychot.es. antipyretics, antispasmodics. 
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including gastrointestinal and urinary antichotinerg.es. sympathomimetics, xanthine 
derivatives, caro.ovascuiar preparat.ons including calcium channel blockers such as 
nifedipine, betablockers. beta-agonists such as dobutamine and ritodrine, 
ant.arrythm.es. antihypertensives such as atenolol. ACE inhibitors such as ranitidine, 
diuretics, vasodilators .nduding general, coronary, peripheral and cerebral, central 
nervous system stimulants, cough and co.d preparations, decongestants, diagnostics. 
7 hormones such as paratnyro.d hormone, bisphosononates. hypnotics, 
.mmunosuppress.ves. muscle relaxants, parasympatholytics, parasympathemimetrics. 
prostaglandins, psychostimulants, sedatives and tranquilizers The invention is also 
useful in conjunction w.th reducing or preventing sensitization occurring as a result of 
electrotranspon cei.very of orote.ns. peptides and fragments thereof, whether naturally 
occurring, chem.caily synthesized or recomb.nantly producec The invention may 
additionally be used m conjunction with the celivery of nucieotidic drugs, including 
i4 oligonucleotide orugs. polynucleotide drugs, and genes. 

is The present invention has particular utility in the delivery of peptides, 

polypeptides, proteins nucieotidic drugs, and other such spec.es through body 
surfaces such as skin These substances typically have a molecular weight of at least 
about 300 daltons and more typically have a molecular we.ght of at least about 300 to 
40.000 daltons Specific examples of peptides and proteins in this size range include, 

20 without limitation LHRH. LHRH analogs such as goserel.n cusere.in, gonadorel.n, 

21 napharei.n ana ieuorol.de. GHRH. GHRF .nsulin. .nsultrop.n. calcitonin, octreot.de. 

22 endorphin. T RH, NT-36 (chemical name: 

23 N-a(s)-4-oxo-;i-azetidinyi]carbonyl]-L-histidyl-L-prolinamide) t liprec.n, pituitary 

24 hormones (e.g., HGH. HMG. desmopressin acetate, etc.), follicle luteoids. aANF, 

25 growth factors such as growth factor releasing factor (GFRF). (3MSH, GH. somatostatin, 
bradykinin, somatotrop.n, platelet-derived growth factor, asparaginase, bleomycin 
sulfate, chymcpapa.n, cholecystokinin. chorionic gonadotropin, corticotropin (ACTH), 
erythropoietin epoprostenol (platelet aggregation inhibitor), glucagon. HCG. hirutog, 
hyaluronidase. interferon, interleukins. menotropins (urofollitropin (FSH) and LH), 
oxytocin, streptokinase, tissue plasminogen activator, urokinase, vasopressin, 
desmopressin. ACTH analogs. ANP. ANP clearance inhibitors, angiotensin II 
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antagonists, antidiuretic normone agonists, braaykin.n antagon.sts. ceredase, CSI's. 
calcitonin gene related cept.de (CGRPV enKephai.ns FAB fragments. IgE pepttde 
suppressors IGF-1. neurotropnic factors, colony stimulating factors, parathyroid 
hormone ana agonists, parathyroid hormone antagonists, prostaglandin antagonists, 
pentigetide. orotein C crotein S. renin inhibitors, thymosin aipha-1, thrombolytics. TNF. 
vaccines, vasooress.n antagonists analogs, alpha-1 antitrypsin (recombinant), and 
TGF-beta. 

As mentionea acove, the device 2 of the present invention can also be used 
with known sampling cevices including, but not limited to. reverse iontophoresis, 
osmosis, passive diffusion, phonophores.s. and suction (i.e.. negative pressure). 
Figure 2S illustrates an osmotic sampling device 104 in combination with any of the 
emDcaiments aescriDea crev.ously for device 2. Osmotic sampling devices can be 
usea to samcie any of a variety of agents (e.g., body analytes. licit and illicit drugs) 
througn a bcc- surface including, but not limited to giucose. body electrolytes, alcohol, 
blood gases and illicit substances such as drugs of abuse. The osmotic sampling 
device 104 is attachea to a body surface by means of a flexible aanesive overlay 100 
and the anchoring elements of device 2. Device 104 is comprised of a salt layer 106 
located between a semi-permeabie or osmotic membrane 94 and an optional agent 
sensing element 108 The optional agent sensing element can be any of a vanety of 
chemically reactive sensors and indicators, fcr example the color indicating test strips 
associated win giucose testing. The adhesive overlay 100 can have a cut-out or 
transoarent window in the area of the indicators so that the indicators can be readily 
viewed In an alternate embodiment, the agent sensing element can be located 
between the aevice 2 ana the salt layer. 

The following example is merely illustrative of the present invention and should 
not be considered as limiting the scope of the invention in any way, as this example 
and other equivalents thereof will become apparent to those versed in the art and in 
light of the present disclosure, drawings, and the accompanying claims. 
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Example 



The effect of the present design was evaluated on the skin res.stance of a 
hairless gu.nea p,g. a blade array of two square centimeters was applied to ECG 
electrodes of five square cent.meters. The Dlade array and electrodes were then 
applied to the sk.n of the an.mal Res.stance measurements were taken two minutes 
after appl.cat.on of the electrode to the skin of the ammal. A decrease .n resistance 
was observed indicating that penetration of the blades into the sk.n had occurred. 

The device was evaluated for its effect on electrotransport flux of a decapeptide 
in the hairless guinea pig. The following are specifications for the device: the device 
cons.sted of a sneet nav.ng a plurai.ty of rectangular open.ngs having SIX blades, three 
on each long s.de of a 860 U m oy 250 urn rectangle resulting in a 0.22 mm 2 open area 
for each open.ng Each set of three blaoes started at the oppos.te end of the rectangle 
as the opposing set of blades. All of the olades were about 200 um long. All six blades 
had slanted leaa.ng eages and the blaae at eacn ena was barbed as well. The group 
of six blades were arranged in two slightly offset rows with ten groups in each row on 
the sheet. Each device was a two cm 2 piece cf stainless steel 25 um thick etched and 
punched with eignt pa.rs of offset rows or 160 groups of six blades for a total of 960 
blades. There were 40 void areas Der cm : and 240 blades per cm 2 

For the s:udy, a one ccmpanment eiectrotransport system was used. It 
consisted of a catncde compartment containing a Dulbelco's phosphate buffered saline 
imbibing gel and a donor anode ccmpanment ccnta.ning two m.llimoles of decapeptide 
buffered at pH 7 5. 10% cholestyramine chloride and 3% hydroxyethylcellulose. After 
loading the gels m tne system, the release liner was removed from the adhesive foam 
bottom of the electrotransport system. The device was carefully applied over a 1.6 cm 
diameter hole containing the doner gel with the m.croblades facing away from the gel. 
The electrotranspon system was then placed on the skin of a lightly anesthetized 
hairless gu.nea pig The systems were applied to the backs of the animals using gentle 
downward pressure while at the same t.me pushing bottom s.de of the system with the 
thumb of the techn.cian. (The thumb trappea a roll of the an.mals' skin which allowed 
some upwara pressure to be aponed directly to the bottom s.de of the skin in contact 
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with the aevice m.crooladesi After two m.nutes the current and resistance 
measurements were observea and recoroed. The electrotranspon system was 
wrappea w,th Vetrao and the an.mals were returned to their cages for the duration of 
electrotranspon (5 and 24 hours). Decaceotide flux was evaluated by measuring 
urinary excret-on of this peotide. Only a moaest effect of the dev.ce on decapeptide 
flux was ooserved ,n the first five hours cf transport. Between five and twenty-four 
hours, the electrotranspon flux of an ordinary electrotranspon dev.ce dropped very 
significantly prr, D aoly due to coiiaose of the pathways or possibly aggregation of the 
peptide in the pathways (the decrease in flux oetween five and twenty-four hours was 
reproducible » Use of the blade array aev.ce ccmoletely prevented this decrease in flux 
ano resulted m. an overall ten-fold increase -r oecapept.de flux over a twenty-four hour 
transpon Denca 

While :-e invention has been cescnced in conjunction with the preferred 
specific emeociments thereof, it is to be uncerstood that the foregoing description as 
well as tr.e exarr-e are intended to illustrate ana not limit the scope of the invention. 
Other asoeas advantages and modifications within the scope of the invention will be 
apparent to those skilled in the art to wh.ch the invent.on pertains. 
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WHAT IS CLAIMED IS: 

1. A dev.ce (2) for piercing the stratum ccrneum of a body surface to form 
pathways through wh.ch an agent can be introauced or withdrawn, compns.ng: 

a sheet (6) having at least one opening (8) therethrough and a plurality of 
blades (4) extena.ng aownward therefrom, at least one of the plurality of blades having 
an anchor (£0.68.74 .82) for anchoring the device (2) to the body surface. 

2. A dev.ce (2) for piercing the stratum comeum of a body surface to form 
pathways through which an agent can be .ntroduced or withdrawn, comprising: 

a sheet (6) having at a plurality of openings (8) therethrough, at least one of said 
openings (8) having a olural.ty of blades (4) located along a penphery thereof and 
extending downward from the sneet (6). and an anchor (50,68.74,82) for anchonng the 
device (2) to tr.e bocy surface. 

3 The dev.ce of Claim 1 or 2. wherein the anchor is selected from the group 
consisting of: 

(i) a projection (68) extending out from at least one blade (4); 

(ii) a barb (50); 

(iii) at least cne opening (74) extending through at least one blade (4); 

(iv) an adhesive on a body contacting surface (48) of the sheet (6) and on at 
least one surface :52) of at least one of the plurality of blades (4); 

(v) eacn cf the blades (4) having an axis, the blades (4) being oriented 
so that the blaae axes are substantially parallel and the axes form an angle of 
about 1° to aDout 89° relative to the sheet (6); 

(vi) each cne of the plurality of blades (4) defines essentially a plane and 
wherein the ancnor comprises a portion of the plurality of blades being oriented at an 
angle of about 90° with respect to a remaining portion of the plurality of blades; and 

(vii) eacn one of the plurality of blades (4) defines essentially a plane and 
wherein the anchor comprises a portion of the plurality of blades (4) being oriented at 
an angie within a range of about V to about 89° with respect to a remaining portion of 
the plurality cf blades (4). 
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4 The device of Claim 3, wherein the projection (68) extends out from a plane 
defined by the at least one blade (4). 

5. The device of Claim 4, wherein the projection (68) is a prong (4). 

6 The aevice of Claim 3, wherein the projection is integral with an edge of the 
at least one blade ana in a plane defined by the at least one blade. 

7. The device of Claim 1 or 2. further comprising a therapeutic agent delivery 
device (10.88.98.104) connected to the piercing device (2) and positioned to deliver a 
therapeutic agent through the openings (8) to the body surface, the agent delivery 
device (10.88.98 104) being selected from the group consisting of an electrotransport 
device (10), a passive diffusion device (88,98). an osmotic device (104). and a 
pressure driven device 

8. The device of Claim 7, wherein the agent comprises a polypeptide or protein. 
9 The device of Claim 1 or 2. further comprising a sampling device 

(10.88,98.104) connected to the piercing device and positioned to sample a substance 
from the body surface through the opemng(s) (8), the sampling device being selected 
from the grouD consisting of a reverse electrotransport device (10), a passive diffusion 
device (88.98) an osmotic device (104), and a negative pressure driven device. 

10. The aevice of Claim 9. wherein the sampled substance is selected from the 
group consisting of tody electrolytes, illicit drugs and glucose. 

11 The device of Claim 1, wherein a portion of the plurality of blades (4) are 
located along a penonery of an opening (8) through the sneet (6). 

12. The device of Claim 1 or 2. further comprising a plurality of second 
openings (80) througn the sheet (6) being spaced between the plurality of openings (8). 

13. The aevice of Claim 1 or 2. wherein the device has about 600 to about 1000 
blades/cm 2 . 

14. The device of Claim 1 or 2. wherein the device has at least about 800 
blades/cm 2 

15. The device of Claim 1 or 2, wherein at least a portion of the plurality of 
blades (4) have a lengtn sufficient to pierce the stratum corneum of the body surface to 
a depth of at least aDout 25 urn. 
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16. The aevice of Claim 1 or 2. wherein each of the plurality of blades (4) is 
oriented approximately perpendicular to the sheet (6). 

17. The aevice of Claim 1 or 2. wherein each of the plurality of blades (4) is 
oriented at an angle in the range of about 1° to about 89° to the sheet (6). 

18. The aevice of Claim 1 or 2, wherein each of the plurality of blades (4) is 
oriented at an angle in the range of about 10° to about 60° to the sheet (6). 

19. The aev.ce of Claim 1 or 2. wherein at least a portion of the plurality of 
blades (4) have a thickness in the range of about 7 urn to about 100 urn. 

20. The aev.ce of Claim 1 or 2, wherein at least a portion of the plurality of 
blades (4) have a thickness in the range of about 25 am to about 50 urn. 

21. The aev.ce of Claim 1 or 2. wherein the plurality of blaaes (4) is composed 
of a material selected from the group cons IS ting of metals, metal alloys, glasses, 
ceramics ana rigid colymers. 

22. The aevice of Claim 1 or 2. wherein the sheet (6) and the plurality of blades 
(4) are substantially impermeable to the passage of the agent. 

23. The device of Claim 1 or 2, wherein the plurality of blades (4) are thinner 
than the sheet (6) 

24. A method for producing a device (2) for piercing the stratum comeum of a 
body surface, the method compnsing: 

applying a layer of photo-resist to a first side (49) of a sheet (6), 
exposing the layer of photo-resist through a mask pattern for producing a 
plurality of blaaes (4), 

etching exDosed portions of the photo-resist and the sneet (6) to produce the 
plurality of blades (4) and openings (8) through the sheet (6); 

punching the plurality of blades (4) through the openings (8) such that the 
plurality of blades (4) extend downward from the sheet (6); and 

incorporating the aevice (2) for piercing the stratum corneum into a delivery 
device (10,88.98.104) or sampling device (10,88,98,104). 

25. The method cf Claim 24. wherein the photo-resist is a resist selected 
from the group consisting of wet resist and dry resist. 

26. The method of Claim 24 wherein the etching step comprises spray etching. 
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27. The method of Claim 24 wherein the punching step comprises: 

placing the sheet (6) on a die (52) having a plurality of openings (56) 
corresponding to the plurality of blades (4) and openings (8) of the sheet (6); and 

benatnp the olurality of blades (4) through the openings (56) to be substantially 
perpendicular to the sheet (6) with a punch (54) having a plurality of protrusions (58) 
corresponomg to the plurality of openings (56) in the die (52) and the plurality of 
openings (8) of the sheet (6). 

28. A method of transdermal^ sampling an agent, comprising: 

a. olacir.g a device (2) on a body surface through which the agent is to be 
withdrawn the device (2) including a sheet (6) having at least one opening (8) 
therethrougn ana a plurality of blaoes (4) extenaing downward therefrom whereDy 
agent transmitting pathways are formed through the stratum comeum at the oody 
surface, ana a reservoir (26, 90, 106) in agent transmitting Nation with the opening (8); 

b. withdrawing the agent through the pathways and said opening (8); and 

c. collecting the agent in the reservoir (26.90, 1 06). 

29. The method of Claim 28, wherein the sampled agent is selected from the 
group consisting of body analytes, electrolytes, blood gases, illicit drugs, licit drugs and 
glucose 

30. The method of Claim 28, further comprising: 

connecting a sampimg device (10,88.98.104) to a side opposite of a side (48) of 
the sheet (6) having the blades (4) extending downward therefrom, the sampling device 
(10.88.98 10^ being selected from the group consisting of a reverse electrotransport 
sampling device MO), a Dassive sampling device (88,98). an osmotic sampling device 
(104), ana a negative pressure driven sampling device. 




FIG. 3 



PCTAJS97/10516 



3/8 




60 



WO 97/48441 



PCTAJS97/105I6 



4/8 




58 — 54 

\ I 



nJSJ. 




O O-.CLfei t 



8 



FIG. 8 



56 



X 



c 



8 




FIG. 9 



52 



68 



FIG. 10 



FIG. 11 




68 



FIG. 12 



WO 97/48440 



PCT/US97/10516 



5/8 



68 



FIG. 13 




FIG. 14 



^ 72 



// ^—68 



FIG. 15 



j 



70 



FIG. 16 



■ 4 
70 



18 




^ 



CZ22 



74 



FIG. 18 



74 




4 




FIG. 19 



WO 97/4 



84-0^ 



PCT/US97/I0516 



6/8 



78- 





| □ DO § OD § 00 g 

| DO § CD ° 00 □ 00 

00 | 00 g 00 g 00 g 
| 1 g 00 g 00 g 00 

1 g 00 g OQ g 00 g 

| 00 g 00 g 00 g 00 

I g 00 g DO g 00 g 

§ do § no □ oo § oo 

• 00 g 00 



00 



00 g o 

g 00 § 

oo § oa 

S 00 

00 g op 

§ 00 

00 g o 

§ 00 

00 g 0 



c 

FIG. 20 



76 




WO 97/48440 



PCT/US97/10516 



7/8 




FIG. 25 



WO 97/484' 



PCT/US97/10516 



8/8 




iNifc^^VUONAL SEARCH REPORT 



it on«j Aootication no 

PCT/US 97/10516 



A. CLASSIFICATION OF SUBJECT MA ITER 

IPC 6 A61N1/30 



Accormno to imomooonoi Poton , Ci. M | < „ B n,.PC» or,o bofn H .nof, eu. MWM bon .no ,P C 
8. FIELDS SEARCHED " — — _ 



practical, uaren ttrmi uimi 



C. DOCUMENTS CONSIDERED TO 8E RELEVANT 



Catooory - | Crtaoon of dooum.«. m« tton . uorooct.. or mo c.,.va«t o U .^m 



Roto* or* to etun No 



Sn?5 ll S * & A (CIBA GEIGY AG ; EFFENHAUSER 
CARLO STErAN f DE) ; MANZ ANDREAS (CH)) 13 
June 1996 

see page 7, line 23 - page 12. line ? 7 * 
figures w ' 

US 5 279 543 A (GLIKFELD ET AL. ) 18 

January 1994 

cited in tne application 

see column 3. line 64 - column 4, line 49- 

figures 7,3 

l| 9 4 279 544 A (GR0SS ET AL ^ 18 January 

cited in tne aoplication 

see page 2, : me 58 - page 7, line 10; 

figures 

-/ — 



1-3.7.8, 
11.15-17 

28-30 
28-30 
1.9.10 



1-5.7. 
15.16, 
21.24 



Purttter 



tbo« C 



* Spoctai OMfonii of ortod dooumwns 

*A" dooumom oarfrntrig ttm oonoroj mtmm ot mn wnmh * not 
aonoiooroo to ba ot o«mou«r wu v m hw 

*E* tantr oooumtM bu odNahM on or «i ntomononoi 
oat* 

*LT dooumom wtiaa* ray throw ooubta on o» w r-.-xv <ao*rW«) or 
m to Mtmah mo ouomancr, ot «nomor 
^rtatooo Of Qlhf inioju roaa on i«> o.o*c«»«oi 
•O* doeufnofM n<tmnq to on oraj ai»o*oaun>. u»«. •mofean or 



|X I p «*» m ta/r»h/ mtfTOm oro Hstooin tnnoi 



^ tot or oooumom oubJohod aftor mo mtomooonoi liana OaJo 
or pnamy data ond not in oonifeot wot mo ojjponomn tout 
crtPO to i unooftoftd mo pma*tm or tnoory unoora/mgtfto 



•P* doouraontpuononooonortomo ntomaoonaj hunq oat, but 
aimr man mo on o rwv data ommo 



Ooto ot mo aotuai oomo«ooon ot mo aitamotKinoj ••von 

22 October 1997 



'X* oooumom ot pamoutar rotovonoo: *io oJaanod mwowo ow 
cannot oo oonw o orod wovoi or oonnot do oonooiw d to 
rrvofcro on owontwo atop ornon mo oooumom m toJta 

a V* oooumom of parpouiar rotov on oo; mo am mod tnvoftOBfi 

cannot oo oonotoorootoi n voiwo on u iwo m owo atooorhontfi 
oooumom m oomonoo wnm ono or moro otnor auon doou 
«uon oomoinooon dim oovtoua to o pom on on Max 
tn mo on. 

**• oooumom mo m o ot tho tomo pjaant tam>n» 



Ooto ot moiftno of mo mtamoaonoj ftooron rooori 

\ 0. IV 97 



Noma ono motonq oodmoo ot mo ISA 

European Patom Offioo. P B 5618 Patoaoaan 2 
NL • 2280 HV R*aw* rmionomon * 

Tol. <O1-70) 340-2040. T» 31 ftSl opo nt, 
Fojc (♦31-70)340-0016 



Autftonzoo offioof 



Rakotondrajaona, C 



iNU*tNAHONAL SEARCH REPORT 



5 



ton n«i Aooucaiion no 

PCT/US 97/10516 



C.fContinuauoni OOCUMENTS CONSIDERED TO 8E RELEVANT 



C«l*90ry - j CUton Oi dooumtm. wtn naM&on. •ooroprmt.. of x*. p MMq « 



A«*w«nt to claim No. 



US 3 964 482 A (GERSTEl MARTIN S ET AL) 22 
June 1976 

cited in the application 

see column 4, line 21 - column 7, line 20; 

figures 

US 5 250 023 A ( LEE ET AL. ) 5 October 1993 

cited in the application 

see column 1. line 29 - column 11, line 8-; 

figures 



1-5,7, 
15,16.24 



1-5,7. 
15,24 



FamPCT/tSAOtOfi 



1 imw <Jbtv 19971 



IN 



lONAl- SEARCH REPORT 

information on oaioti famttv m« m o— » 



m Aooocatton no 

PCT/US 97/10516 



3 ata#u oocumom 
atad vi saarcn reooa 



Publication 
data 



Patent family 
rn#mo«r(») 



I 



Publication 
data 



wo 


9617648 


A 


13-06-95 


AU 


4256496 


A 


26-06-96 










EP 


0796128 


A 


24-09-97 


us 


5279543 


A 


18-01-94 


AT 


129909 


T 


15-11-95 










AU 


639888 


B 


12-08-93 










AU 


2183889 


A 


25-08-89 










DE 


63924716 


0 


14-12-95 










0E 


53924716 


T 


04-07-96 










OK 


179390 


A 


28-07-90 










EP 


0326398 


A 


02-08-89 










EP 


0673622 


A 


27-09-95 










ES 


2085863 


T 


16-06-96 










IE 


63406 


B 


19-04-95 










JP 


4502561 


T 


14-05-92 










KR 


9711449 


B 


11-07-97 

4> X w f 7 f 










PT 


89560 


B 


31-05-95 










WO 


3906989 


A 


10-08-89 










us 


5362307 


A 


08-11-94 

Vw X J. 7" 


us 


5279544 


A 


18-01-94 


us 


5156591 


A 


20-10-02 

CU IV 7C 










AT 


L56375 


T 


15-08-97 










DE 


69312916 


D 


1 1 -0Q.Q7 










WO 


9317754 


A 


16-09-93 










EP 


0630276 

w W v W ^ / w 


A 


CO 14 "*t 










JP 


7508427 


T 


21-09-95 










us 


5527288 


A 


18-06-96 

iu ww 7w 










AT 


142115 


T 


15-09-96 

IJ w J 7 w 










AU 


642112 


B 


07-10-93 










AU 


9058791 


A 


08-07-92 










DE 


69121881 


D 


10-10-96 










DE 


69121881 


T . 


03-04-97 










W0 


9210234 


A 


25-06-92 

tmJ \J\J 7b 










EP 


0516783 


A 


09-12-92 










JP 


5504711 


T 


22-07-93 










NZ 


240875 


A 


27-04-94 










ZA 


9301775 


A 


30-09-93 


us 


3964482 


A 


22-06-76 


NONE 






us 


5250023 


A 


05-10-93 


EP 


0429842 


A 


05-06-91 



P<*¥w PCTflSA/210 fe*Ji 



4 



information on patant f«muv mamoar* 



Patam oocumoni 
atad tn taarcn raoori 



^^^Htnta*ft 

^ PCT/ 



PCT/US 97/10516 



Publication 
data 



Paten* (amity 



Publication 
data 



US 5250G23 A 



EP 


05G9122 


A 


21-10-92 


JP 


1892430 


C 


26-12-94 


JP 


2151982 


A 


28-06-91 


JP 


6014980 


B 


02-03-94 


CA 


2041250 


A,C 


23-11-91 



Fomi*CT*SA/210 Mm lam* wmmu (July 1»*Z| 



THIS PAGE BLANK (usfto) 



